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The quelity control requirements and procedures tuat are balr;

for manned spacecraft differ in a number of important respects from Lo

grams. These differences spring from the distinctive features of na
space flight programs and vehicles. I will attempt to point out a [
these distinctive features and their effect on reliebility and quali

trol reguirements.
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The most outstanding feature of our programs is the research characccr.

The flight missions being undertaken in the manned exploration of sp

in every sense of the word, research flights. They are a search for

art
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ledge, not only of space itself, but also on how to survive, travel, and

maneuver in space; to take off and land snacecraft on the earth, tae

and eventually the planets.
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Tne spacecraft we use areﬁg%ﬁgii:ggzggiiw§eﬁis§§, few in number, tailorcd
specifically to each particular mission. Once the mission for which tﬁey are
designed has been accomplished, they are unlikely to enter a production phase
or engjoy & long period of opcrational use as might & missile oé airplorne. I
this sense, our quality control problems are much closer to those of the X-15
than to those of the B-58.

For those few pioneering spacecraft we must obtain parts, componenits, sub-
.systems, and engineering as near to vperfection as the nation's finest c
can achieve.

The. single-purpose character of our spacecraft is not exactly of our own
choosing. Naturg has perversely leid out the stepping stones to space in such
a way as to require a substantial advance in propulsion capability between each
step. An urgent need ?or tangible evidence of progress in space impells us <o
. attempt each step as soon a&s the minimum capability can be achieved. Beceuse
we are undertaking successive missions.as rapidly as possible, always at the
extreme outer limit of our advancing propulsion capability, the spacecralt we
use are rightly weight limited. They can never be provided with the growth
potential that would allow them to bé adapted to succeeding csteps. Nor can the
experienced engineering team completing the crucial finel flight stages of one
progrem be safeiy diverted from its task to undertake the design of the next
vehicle. Thus, we must progress by a series of more or less independent pro-
grams, each of increasing size and complexity, overlapping in time, and manned

by different independent teams of government and contractor engineers, each

having little if any first hand familiarity with the most recent manned space
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flight experiaence available at the time the program starts. Uhis situstion
obviously cualls for strong emphasis or rapid disgeminzticn ¢of opercoionzl exnzri~
ence with spacecraft systems throughout the entire mancgement, engineering, induz-
trial, and educctional complex. No matter how hard we work on this app:oach)A
however, we cannot hope to achieve perfection. Some design decisions will _cill
be made in ignorance of information that exists, and others will be cicm wWrony
by information yet to be acquired. These errors will have to be corrected bzfor
flight.  Thus we arrive at what 1is perhaps the most important single regquirce -
ment in our programs: that designs, procedures, and schedules must have the /

. {
1

flexibility to zdsorb a steady stream of changes genercied by & continually

increesing understanding of space problems. Reliabilit wality control, ranu- !
2 . (9] N b4 2

'

~ facturing, and procurement plens must all be set up with full recognition of |

~ this requirement for continual hardware change.

The flow of new information from current space programs is_not the only
source of requirements for change. Egquipment malfunctions that occur auﬁi;
system development testing or preflight preparations are often of equal or
greater importance. In manned flight we cannot afford tc regard eny of these
equipment malfuﬁctions as a random failure. We must regard every malfunction
and, in fact, every observed peculiarity in the behavior ol a system as an
importént warning of potential disaster. Only when the cause 1s thoroughly
understood, and a change to eliminate it has been made, can we proceed with'
the flight progran.

The problem here is one of shortening the failurebdetection--corrective

actioncycle to eliminate disastrous effects on crerating schedules. W
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finding it necessary to require very drastic streamlining of procedures that
have grown up in mass production prcgrams, waere action seldom sterts until

a failure has been repeated at least enough times to accumulate a noticeable

ile of IBM cards, and where the subsequent paper~lined peth frem »nrine con~
> -
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tractor, to subcontractor, to parts vendor, end back, too often produces Llitcle
but delsy, cost and disclaimers of responsibility.

Rapid corrective resvonse to malfunctions throushout sysien de e

4

ement of our programs

and oreflight preparations 1s a critically important reaul

if we are to meet schedules with hardware that is fit to fly. To the maximun
extent possible, feilure analysis and decisions as to corrective action must
take place immedistely at the scene of the failure, wiere the availzbility of

the part, the test setup, and the people involved in the test, offers the bést
opportunity for accurate determination of‘the pertinent facts. Contracts and
purchese agreements with component and parts suppliers should provide that the
services of their engineering staeffs will be available on call whenevaer required
for this purpose. Constructive and effective reaction to the emefgency situstion
created when a fellure required redesign of & spacecraft component 1s the most

welcome contribution an individusl or company cen make to the nation's spaée

progrem.

~ Another distinctive characteristic of our spacecraft is the large number

of one-shot and limited-life items used in the various subsystems. This charac-
teristic limits the amount of proof testing that can be performed on the
actual flight articles. In the case of items such as the heat snhield, escape

rockets, explosive separation devices, explosive disconnects, igniters, etc.,
i



the actual specimen to be flown cannot be tested at all. Items such ez fusl
cclls, ablative nozzles, parachutes, ond launch vehicle engines can be Ziven

only limited tests, under corditions that are not truly represcenteative, and
p ] - >
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then only abt considerable ricll tat the tests and thnelir alfiermaih miy 1ntro-
duce more flight failures than they prevent. This particuler problem is, of
course, shared by the ballistic missile but not by the airplanc.

.

Tae operating philosophy that hes evolved to meet the situation is basel

on the idea that randomly selectel semples of components can be cutjected, I
a so-called cualificetion test program, to approprieste enviroanmental, relia-
bility, and oversiress tests with ccuplete confidence thzt the rezulitzs ol these
tests will apply to the remaining articles installed in the flight vehilcles.
This confidence is noﬁyjustified unless all supposedly identical parts from
wnich the ccmponents are assenrbled cre truly identicel in &ll essential
turacs. Although the parts can be inspected and thelr primary c“aractaristics
can be nmeasured, idehtity in the sense required by the qualification Test
vhilosophy cannot be fully established by inspection and measurement &lone.
Peaturcs that eventually turﬁ out to be important in governing sensitivity o
environment of susceptibility to failure éften are unrecognized or inadequately
defined by inspection or measurement at the time of mznulzcture

To achieve a degree'of control over whatever unknown or indcterminate

+ el

influences may exist, consideration must be given to the necessity toet all

components recuiring certification through & cualification test vprogren be

made up From sebs of parts whose memvers have ceen produced consccoutivelv on

H

the same assemblv line without an intervening change in design, vrocess, ©
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materials. Handling subsequent to manufacture must also be identical and nmus
be controlled to hold environmentel stresses well within the 1imits <o e
cxperienced by the part during the qualificetion tests. It is also necezsary
that the parts be identified individually or as members of the set zrnd Thzt
records show the location of all paris in & sct.

This requirement for identification of parts is of eritical imporiince

can be attributed to the design or to the menufecturing or handlinz procesc.

It then beccmes essential to locate and remove immediately from ell F2i zht

PR A

components ell similer parts. Since these paris mey have been used in more
than the one type cf component that révealed the deficiency, it 1s not sufs

)

merely to remove all of that type of component. The very stirict control over

n
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varts Zdentificetion éﬁd uge taat wé are seexing 1s necessary to inzure th
all suspectedAparts, whenever used, can be readily located for resovel cnd
replacement.

In the area of inspection, flight safety considerations and tre Zimited
rumber of articles involved in our programs make it reasonable to require
100 p2r cent inspection of ail items. Inspection procedures must be designed
to locate and reject every defective or marginal part, no matter how many good
rarts are unnecessarily rejected in the process. We are not alone in this
matter of extremé selectivity in the acceptance of perts for spacecraft. In
the outstandingly  successful Telestar satellite, 58,800 acceptable solid state

devices were examined to select the 2,528 that were flown.

Another indicetion of what can be accomplished by selectivity combined
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with persistent attention to detail hes been provided by the selecet.on and

preparation of the Atlas boosters for manned Mercury Iflights. Decopnlzing
thet mzlor design changes to inerease the reliability povential of tThe basic
design could not be accomplished within the life of t Mercury progroad, whe

’

)
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Alr Force and the Aerospace Corporaticn set out to make certain thel the masiie
munm reliaebllity of which the design was capable would actually bo zexisved

Mercwry operations. The program that resulted involved three partis,

ponent Selection Program, a Factory Rollout Inspection Program, ond o

b

”cxety Review Prozrem &t the lecunch site. .
3

In the componeht selectlon progran all eveilaple Atlcs components wera
screened. Those whose prior history and perfor.iance under test were closest
to ideal were selectéd and reserved for manned Mercury flights.

In the r.ctory rollout inspection program technicel teams of Air Force
and Aerospace éxperts on each booster subsystem were set up to revievw tHe
manufacturing history and factory tests of each Mercury booster to verify
and certify its suitebility for menned flight.

In the flight safety review Progren similar technicel teams were organized
at the launch sitec to monitor and record thé performance of each subsysten
throughout all preflight preparations and checkout activities. These teams
reported to & senior review board charged with the final responsibility for

reviewing all the problems and actions mertinent to the booster and certilying

that, within the limits of human knowledge, it was ready for manned orbital

As a resulit of this program,\?he Mercury boosters have reaulired Tvwice tas
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normal manhours to fabricate, and have received more than three times tae
normzal checkout time and attention. Vhile no mzn can say thot thi:z formula

insures success, it certainly does not invite faellurs..

(7
W

In the co T the spacecraft, we have followed & genercily

roach &5 regaerds technical survelllsnce and review of suvcystem performance.

Speciel emprhasis hez been placed on wmzintaining & parcticuleriy nizs Zevel of
technicel copcbility et the lzunch site, and on very trnorouln Ilrvestizoiicns
of every sywsoca of trouble during the rather extencsive preflight preraration.
A bvosic ground rule of the oneretion has been thet the spacecriit connct be

.

cormitted to £ligat waile any observed difficuliy rezains unerplaincd Or uncor-

ol

rected.

We believe these onerati 1z procedures developed for the Mercury Looster
and spacecraft have been very effective in concentrating the attention ol tle
best qualified technicel talent avallable on the deteailed engincering nroole.s
of each vehicle. Similar procedures will be followed in our future prograns.

In the design cnd testing éreas our approach to the reliability and
fiight safety problem alio reflects lessone leerned in previous res earch
airplene, missile, and space‘flight programs. vwnile we attempt to augment
safety vherever practical by emergency escape provisions, we recognize that
the most effective approach to safety is through vehicle reliazbility.

‘To insure thet adequete attention is directed to relis
stage we specify an overzll numerical reliabi lity goel for ithe zoacecraft.
This overall gzczl i3 subseguently budgeted to the various subsysters by the

spacecraft decigner. These numericel reliebility reguirements wre very useful
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in the design stage because thLey give the subsystem designer & rational basic

ror decidinz on the degree of redundancy, derating of perts, and ovlicr rello-~

bility improvement measures thaet should be incorporated in his stboysienm.

In estimating the reliability of o« propoced subsystem desipgn, usc must
be made of feilure rote data or estimates for the individuel poris thaet ralke
up the subsystem. These failure rate estimates normally incluce only the =C=-

ey e

called random or statistical type of failure that predeminates in fully

0

developed parts. Hence, subsystem and spacecraft reliebllily values cerived
in this way tend to reflect the minimum fallure rate that 2y ultimzetely be

1m1tial s

obtained with the design. The actusl subsystem failure raites 2y Ihliiie

be much sigher beceuse of design errors, interacticn effects between partc
(=] 2 &
and components, unanticipated environmental effects, or errors in estimating

environzents. Virtuelly a2l of our flight d4dif

TS

this subsysten development catagory. Most would have dbeen decected and elini-
ngted before flight if the ground test technigues and progrems that were uit.~
mately devised hzd been available &t that time. As a result of this experience
we are tending to concentrate ﬁuch of our reliability effort on devising sub-
system test progrems that will detect and eliminate these évoidable sources

of failure before‘flight.

Basically, our approach is an attempt to layout system designs that will
absorb the expected number of perts failures without serious conseguences, and
to layout & testing program that will assure detection, and correction of ail
other scurces of system failure belfore fliight.

L2
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The last and most fundzieantal recuirement for success in our manncd siK.is
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erfort is for the kind of people who will not permit it to fail. 1In <he fincl
analysis there are very few failures In the history of flight that could ncu
have been avoided if Someone, somewhere, had been more experierced, more gkill-
ful, more carelul, or more highly motivated. To Geslizn, hbuilig, ;1; operate
the vehicles that will Zloneer the exploration of spoce reguired the services
of the most capeble and most experience people and componies of the Asrcenace
Industry; peonle whose pride in their craftsmanship will yermit no compromi;e
of the qunlityr essentiol to Success; Deonle who will never cverlook or ignore

the slighiest sion of trouble; pecple who will Treely give the oot bit ol
(=] (%] A - o

extra elfort that so often spells the difference beiween succecsy cnd failure.

03

The requiremants for reliability and quaiity thet I have Leen Glceuszing

o

this evening ar Perhaps best summarized in the simple basic shilosonhy Jrom
which they derive: that every manned spacecraft that leaves thiz cowth on the

-

most cmbitious and cizllenging cdventure in human history shall resresent the

best that dedicated and nespired men cean create. We cannov ask for nore; we

dare not settle for less. : ' P
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